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INPUT RECEIVER WITH HYSTERESIS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application claims the bene?t of US. Provisional 
Application Ser. No. 60/472,145, ?led on Apr. 28, 2003, 
Which is herein incorporated by reference for all intents and 
purposes. 

This application is related to the following co-pending 
US. patent application, Which is ?led on the same day as this 
application, Which has a common assignee and at least one 
common inventor, and Which is herein incorporated by 
reference in its entirety for all intents and purposes: 

SERIAL FILING 
NUMBER DATE TITLE 

10/833401 Apr. 28, 2004 OVERVOLTAGE PROTECTION 
APPARATUS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to input receivers, and more 

particularly to a method and apparatus for providing hys 
teresis for an input receiver to provide a suitable noise 
margin for an input signal. 

2. Description of the Related Art 
In earlier integrated circuit (IC) designs, CMOS output 

drivers Were con?gured as push-pull elements. Conse 
quently, the noise on an output bus ?uctuated signi?cantly 
according to circuit temperature, supply voltage, and fabri 
cation process differences. The noise also varied as a func 
tion of the number of devices that Were bussed together. 

In more recent years, as technological advances have 
resulted in the scaling of device siZe and voltage levels, 
designers have been forced to aggressively address noise 
problems on external busses in order to maximiZe the 
operating speed of circuits Within a system. One aspect of 
more recent output driver solutions has been a move in the 
industry from push-pull output con?gurations to differential 
input receiver con?gurations. One side of a differential input 
receiver is supplied With a reference voltage and the other 
side is driven by an open drain N-channel device. The open 
drain N-channel devices are typically provided on-chip and 
bus pull-up terminations are provided either on-chip or 
externally, such as on a system motherboard or the like. 

The aforementioned types of output drivers have become 
prevalent Within the industry. One particular example of this 
prevalence is exhibited by the Pentium® x86 family of 
microprocessor products developed by Intel®. Pentium 
microprocessors employ open drain N-channel output 
devices to drive a 1.5 Volt (V) bus having a 1.0V reference 
threshold. More recent bus speci?cations contemplate loWer 
voltage levels, such as a 1.25V bus having a 0.83V reference 
threshold. 56 ohm pull-up terminations are typically 
employed and, While no particular pull doWn impedance is 
speci?ed, open drain output drivers are required to comply 
With bus sWitching and timing speci?cations. The industry 
has adopted the name Assisted Gunning Transceiver Logic 
(AGTL) to connote a comprehensive set of speci?cations for 
devices that interface to this type of bus. These devices are 
knoWn as AGTL devices or AGTL logic or simply, AGTL. 
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2 
Conventional input receivers are disadvantageous, hoW 

ever, in situations in Which the input signal is noisy. The 
noisy input signal potentially causes false triggering and 
erroneous operation among other disadvantageous effects on 
the IC. For these receivers, their sWitching or triggering 
threshold is speci?ed in terms of a voltage range surround 
ing a designed sWitching threshold. And the limits of this 
voltage range are largely established based upon variations 
in fabrication processes, operating temperature, and operat 
ing voltage. Other input devices such as Schmidt Trigger 
devices have been developed Which provide hysteresis for 
an input signal, but the hysteresis bene?ts come at a cost of 
decreased speed, increased poWer consumption, additional 
bus loading, etc. 

The noise problem is exacerbated by the reduction of 
voltage according to more recent bus speci?cations further 
reducing noise tolerance. It is desired to provide an input 
receiver that tolerates increased noise levels While maintain 
ing proper logic operation at operative bus voltage levels, 
including the loWer voltage levels associated With neWer 
standards. 

It is also desirable to provide an input receiver that can be 
employed in place of a conventional input receiver to 
provide increased noise immunity bene?ts Without incurring 
the penalties associated With present day devices that 
employ hysteresis such as Schmidt Trigger devices. 

SUMMARY OF THE INVENTION 

An input receiver With hysteresis according to an embodi 
ment of the present invention includes a differential sense 
ampli?er, a reference circuit having a reference node devel 
oping a reference signal at a nominal threshold voltage level, 
and a sWitching stack device. The differential sense ampli?er 
has a ?rst input that receives an input signal, a second input 
coupled to a reference node, and an output that provides a 
?rst output signal having ?rst and second states indicative of 
the input signal. The reference circuit provides the reference 
node developing the reference signal at the nominal thresh 
old voltage level, Where the reference circuit includes a 
voltage divider having a ?rst intermediate node as the 
reference node that divides a poWer voltage signal to 
develop the reference signal. The stack device is coupled to 
the output of the differential sense ampli?er and to the 
reference node. The stack device adjusts the reference signal 
betWeen upper and loWer threshold levels in an opposite 
direction of the input signal based on the ?rst output signal. 
The stack device has a P-channel device and an N-channel 
device. The P-channel device includes a source coupled to 
the output of the differential sense ampli?er, and includes a 
gate and a drain coupled to the reference node. The N-chan 
nel device includes a source coupled to the output of the 
differential sense ampli?er, a drain coupled to the reference 
node, and a gate coupled to the voltage divider. 

In one particular embodiment the input signal is provided 
to an inverting input of the differential sense ampli?er, so 
that the ?rst output signal sWitches in an opposite direction 
as the input signal. In this case, an inverter may be provided 
to invert the ?rst output signal to provide a second output 
signal indicative of the input signal. 
The reference circuit may be a voltage divider that divides 

a poWer voltage signal and that has a ?rst intermediate node 
that forms the reference node to develop the reference 
signal. In a more speci?c embodiment, the voltage divider 
includes multiple P-channel devices coupled in series 
betWeen the poWer voltage signal and ground. Each P-chan 
nel device has a bulk and a source coupled together and also 
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has a gate and a drain coupled together. For an AGTL 
con?guration, the ?rst intermediate node provides the ref 
erence signal at a nominal level of approximately tWo-thirds 
of the poWer voltage signal. 

The sWitching stack device may include a P-channel 
device and an N-channel device. The P-channel device has 
a source coupled to the output of the differential sense 
ampli?er and a gate and a drain coupled to the reference 
node. The N-channel device has a source coupled to the 
output of the differential sense ampli?er, a drain coupled to 
the reference node, and a gate coupled to the voltage divider. 
In this case, the voltage divider may include a second 
intermediate node coupled to the gate of the N-channel 
device. In the AGTL con?guration, the ?rst intermediate 
node has a nominal voltage level of approximately tWo 
thirds of the poWer voltage signal, and the second interme 
diate node has a nominal voltage level of approximately 
one-third of the poWer voltage signal. 
An integrated circuit (IC) according to an embodiment of 

the present invention includes a poWer pin and a ground pin 
that collectively receive a bus voltage, a differential ampli 
?er poWered by the bus voltage, a reference circuit, and a 
sWitch circuit. The differential ampli?er has an inverting 
input receiving an input signal, a non-inverting input receiv 
ing a reference signal, and an output providing a digital 
signal With ?rst and second states indicative of the input 
signal. The reference circuit is coupled betWeen the poWer 
and ground pins and provides the reference signal at a 
nominal threshold voltage level, Where the reference circuit 
includes a resistive voltage divider having a ?rst interme 
diate node providing the reference signal. The sWitch circuit 
is coupled to the output of the differential ampli?er and 
adjusts the reference signal to upper and loWer threshold 
voltage levels above and beloW the nominal threshold volt 
age level based on the state of the digital signal. The sWitch 
circuit includes a P-channel device and an N-channel device. 
The a P-channel device has a source coupled to the output 
of the differential sense ampli?er, and has a gate and a drain 
coupled to the reference node. The N-channel device has a 
source coupled to the output of the differential sense ampli 
?er, a drain coupled to the reference node, and a gate 
coupled to the voltage divider. 

The reference circuit may be con?gured as a resistive 
voltage divider having a ?rst intermediate node providing 
the reference signal. For example, the resistive voltage 
divider may include multiple P-channel devices stacked 
betWeen the poWer and ground pins. Each P-channel device 
includes a bulk and source coupled together and a gate and 
drain coupled together to achieve uniform voltage division. 

The voltage divider may include a second intermediate 
node and the sWitch circuit may include a P-channel device 
and an N-channel device. The P-channel device has a gate 
and drain coupled to the ?rst intermediate node and a source 
coupled to the output of the differential ampli?er. The 
N-channel device has a drain coupled to the ?rst interme 
diate node, a gate coupled to the second intermediate node, 
and a source coupled to the output of the differential 
ampli?er. In an AGTL con?guration, the ?rst intermediate 
node has a nominal voltage level of approximately tWo 
thirds of the bus voltage and the second intermediate node 
has a nominal voltage level of approximately one-third of 
the bus voltage. 
Amethod of con?guring a differential input receiver With 

hysteresis according to an embodiment of the present inven 
tion includes providing a reference node With a nominal 
threshold voltage level, Where the providing a reference 
node includes stacking a plurality of ?rst P-channel devices 
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With an intermediate node betWeen source voltage terminals; 
comparing the voltage of the reference node With the voltage 
of an input signal using a differential sense ampli?er, Which 
sWitches betWeen a higher voltage level and a loWer voltage 
level; increasing the voltage of the reference node to an 
upper threshold voltage When the differential sense ampli?er 
is sWitched to the higher voltage level, Where the increasing 
includes activating a second P-channel device coupled to the 
plurality of ?rst P-channel devices; and decreasing the 
voltage of the reference node to a loWer threshold voltage 
When the differential sense ampli?er is sWitched to the loWer 
voltage level. 

The reference node may be provided by stacking P-chan 
nel devices betWeen source voltage terminals to form an 
intermediate node. Increasing the voltage of the reference 
node to an upper threshold voltage may include activating 
another P-channel device coupled to the stack of P-channel 
devices. Decreasing the voltage of the reference node to a 
loWer threshold voltage may include activating an N-chan 
nel device coupled to the stack of P-channel devices. Com 
paring the voltage of the reference node With the voltage of 
an input signal using a differential sense ampli?er may 
include sWitching the differential sense ampli?er to the 
higher voltage level When the voltage of the input signal falls 
beloW the loWer threshold voltage and sWitching the differ 
ential sense ampli?er to the loWer voltage level When the 
voltage of the input signal rises above the upper threshold 
voltage. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The bene?ts, features, and advantages of the present 
invention Will become better understood With regard to the 
folloWing description, and accompanying draWings Where: 

FIG. 1 is a schematic diagram illustrating a conventional 
receiver for use in an open drain bus con?guration according 
to AGTL; 

FIG. 2 is a schematic diagram illustrating an exemplary 
receiver for use in an open drain bus con?guration according 
to AGTL implemented according to an embodiment of the 
present invention; 

FIG. 3 is a timing diagram illustrating operation of the 
input receiver of FIG. 2; and 

FIG. 4 is a ?oWchart diagram illustrating a method of 
con?guring an input receiver With hysteresis according to an 
exemplary embodiment of the present invention. 

DETAILED DESCRIPTION 

The folloWing description is presented to enable one of 
ordinary skill in the art to make and use the present invention 
as provided Within the context of a particular application and 
its requirements. Various modi?cations to the preferred 
embodiment Will, hoWever, be apparent to one skilled in the 
art, and the general principles de?ned herein may be applied 
to other embodiments. Therefore, the present invention is 
not intended to be limited to the particular embodiments 
shoWn and described herein, but is to be accorded the Widest 
scope consistent With the principles and novel features 
herein disclosed. 
The inventors of the present application have recogniZed 

the need for an input receiver With suitable noise margin for 
input signals. They have therefore developed an apparatus 
and method for providing an input receiver With hysteresis 
that exhibits a signi?cant increase in noise margin over 
conventional input receivers, as Will be further described 
beloW With respect to FIGS. 1—4. 



US 6,992,518 B2 
5 

FIG. 1 is a schematic diagram illustrating a conventional 
input receiver 100 for use in an open drain bus con?guration 
according to AGTL. The input receiver 100 includes a 
differential sense ampli?er U1 having an inverting input 
receiving a reference signal REF, a non-inverting input 
receiving an input signal PDPADIN, and an output provid 
ing an output signal OUT. The REF signal is derived from 
a bus poWer signal VTT to a sWitching threshold voltage 
level, Where the REF and VTT signals are generated off-chip 
and supplied to the chip via pads (not shoWn). In one AGTL 
con?guration, the bus poWer signal VTT is approximately 
1.5V and the REF signal is established at a threshold level 
of 273 of VTT, or approximately 1.0V. It is desired that U1 
sWitch When the PDPADIN signal transitions through REF. 
In the con?guration shoWn, the OUT signal is loW When 
PDPADIN is less than REF and OUT goes high When 
PDPADIN transitions above REF. 

The input receiver 100 is disadvantageous in situations in 
Which the input signal PDPADIN is noisy. Furthermore, if 
VTT is reduced to 125V according to more recent bus 
speci?cations, then the REF signal is reduced to a threshold 
level of approximately 083V (‘73 of 1.25V). The noise 
margin for the neWer bus speci?cations is reduced by a 
proportionate amount making the noise problem even more 
dif?cult to overcome. As noted above, other input devices 
such as Schmidt Trigger devices have been developed Which 
provide hysteresis for an input signal, but the hysteresis 
bene?ts come at a cost of decreased speed, increased poWer 
consumption, additional bus loading, etc. 

FIG. 2 is a schematic diagram illustrating an exemplary 
input receiver 200 for use in an open drain bus con?guration 
according to AGTL implemented according to an embodi 
ment of the present invention. A differential sense ampli?er 
U1 is included having an input receiving the input signal 
PDPADIN. For the input receiver 200, hoWever, the PDPA 
DIN is provided to the inverting input of the differential 
sense ampli?er U1, and another reference signal HREF With 
hysteresis is provided to the non-inverting input. The dif 
ferential sense ampli?er U1 asserts a signal GRASS at its 
output, Where the GRASS signal has an inverted state 
relative to the state of PDPADIN. An inverter U2 is provided 
having an input receiving the GRASS signal and an output 
providing the OUT signal Which is a non-inverted version of 
the PDPADIN signal. 

The HREF signal is derived from VTT and has a nominal 
threshold value similar to the REF signal of the conventional 
differential input receiver 100. According to the AGTL 
con?guration, if VTT is 1.5V, then HREF has a nominal 
threshold value of 1.0V, and if VTT is 1.25V, then HREF has 
a nominal threshold value of 083V. AGTL embodiments are 
exemplary only and other voltage levels or modes of opera 
tion are contemplated. The HREF signal is not received from 
an off-chip source but instead is generated on-chip. Further 
more, the HREF signal has tWo operative voltage levels, 
including a ?rst slightly above the nominal threshold voltage 
level and a second slightly beloW the nominal threshold 
voltage level. The applicable threshold voltage level 
depends upon the state of the GRASS signal. In this manner, 
the HREF signal is not at a single voltage level but instead 
incorporates hysteresis for increased noise margin, as further 
described beloW. 

Avoltage divider 201 implements a reference circuit for 
developing the nominal level of the HREF signal. The 
voltage divider 201 is formed by stacking three substantially 
identical P-channel devices P1, P2 and P3 in series betWeen 
VTT and a reference terminal or pin, such as ground (GND). 
In particular, P1 has its source coupled to VTT, and has its 
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6 
drain and gate coupled together at a ?rst intermediate node 
203 Which develops the HREF signal. P2 has its source 
coupled to the node 203, and has its drain and gate coupled 
together at a second intermediate node 205. P3 has its source 
coupled to the node 203, and has its drain and gate coupled 
to GND. Each of the P-channel devices P1—P3 have a bulk 
(or N-Well or “Well tie”) connection tied to its respective 
source. Thus, the source and bulk of P1 is at the voltage level 
of VT and the gate and drain of P3 are both at GND. The 
gate and drain of P1 has the same voltage level as the source 
and bulk of P2, and the gate and drain of P2 has the same 
voltage level as the source and bulk of P3. The voltage 
divider 201 is thus formed With a symmetrical con?guration 
to evenly divide VTT by three, so that the nominal voltage 
level of the node 203 is approximately tWo-thirds VTT 
and the voltage level of the node 205 is approximately 
one-third VTT. 
The input receiver 200 includes a “Weak” device stack 

207, Which has a P-channel device P4 and an N-channel 
device N1. The GRASS signal is provided to the sources of 
N1 and P4. The drains of N1 and P4 and the gate of P4 are 
coupled together at the node 203. The gate of N1 is coupled 
to the node 205 and P4 has a bulk connected to VTT. In an 
alternative con?guration, the bulk nodes of both N1 and P4 
can be connected to signal GRASS. The device stack 207 
operates as a sWitch circuit that slightly increases or slightly 
decreases the threshold voltage level of HREF signal pro 
vided on the node 203 in response to transitions of the 
GRASS signal. The differential sense ampli?er U1 transi 
tions the GRASS signal betWeen high and loW threshold 
voltages in response to transitions of the PDPADIN input 
signal relative to the HREF signal. The voltage level of the 
HREF signal is increased or decreased in a direction oppo 
site to the direction of the transition of the PDPADIN signal 
thus providing hysteresis according to the sWitching of the 
GRASS signal. In the con?guration shoWn, the P-channel 
devices P1—P3 have substantially identical siZes relative to 
each other. The devices N1 and P4 are Weak devices relative 
to devices P1—P3. As described further beloW, hysteresis 
operation is adjusted by adjusting the relative siZes of N1 
and P4 relative to the siZes of the devices P1—P3. 

FIG. 3 is a timing diagram illustrating operation of the 
input receiver 200, Where the voltage levels of the PDPA 
DIN and HREF signals are plotted in VOLTS versus TIME. 
The scale of TIME is arbitrary and depends upon the 
particular implementation and/or application. The PDPA 
DIN signal is shoWn as a periodic Waveform oscillating or 
otherWise sWitching betWeen 0.0V and about 1.25V. VTT is 
shoWn as a dashed line having a voltage level of approxi 
mately 1.25V according to an AGTL con?guration. The 
nominal threshold voltage level of HREF is approximately 
083V, shoWn as a ?rst dotted line labeled 273 VTT. At an 
initial time T0 (TIME=0.0 of arbitrary scale), the PDPADIN 
signal is at its minimum level of 0V. When PDPADIN has a 
voltage level beloW the HREF signal, the GRASS signal is 
asserted high. When GRASS is high, N1 is turned off and P4 
is turned on. When N1 is turned off and P4 is turned on, the 
HREF signal at node 203 is pulled higher than the nominal 
threshold voltage level of 273 VTT. In the con?guration 
illustrated, P4 is a relatively Weak device compared to 
P1—P3, so that HREF is increased by approximately 50 
millivolts (mV) above 273 VTT, or to approximately 088V, 
Which is shoWn as an upper threshold voltage level HREF+. 
Thus, at time T0 While PDPADIN is beloW HREF, HREF is 
initially at the upper threshold voltage level HREF+. 
The PDPADIN signal rises until it reaches and exceeds 

the HREF+ level at a time T1, at Which time the differential 
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sense ampli?er U1 switches and pulls the GRASS signal 
loW. When GRASS is loW, P4 is turned off and N1 is turned 
on. When P4 is off and N1 is on, the HREF signal at node 
203 is pulled loWer than the nominal threshold voltage level 
of 2/3 VTT. In the con?guration illustrated, N1 is a relatively 
Weak device compared to P1—P3, so that HREF is decreased 
by approximately 50 mV beloW 273 VTT, or to approximately 
0.78V, shoWn as a loWer threshold voltage level HREF—. 
Thus, at about time T1 When PDPADIN rises above HREF 
at the upper HREF+ level, the HREF signal is pulled loW to 
the loWer voltage level HREF—. The PDPADIN signal 
continues to increase to a peak shoWn at 301, and then 
decreases again until it falls to the voltage level HREF- at 
a time T2. When PDPADIN falls beloW HREF- at time T2, 
the differential sense ampli?er U1 sWitches and pulls the 
GRASS signal high. When the GRASS signal goes high, N1 
is turned off and P4 is turned back on, so that the HREF 
signal sWitches back to the upper voltage level HREF+. 
Operation continues in a similar manner over time. The OUT 
signal transitions in response to transitions of the GRASS 
signal, and provides a non-inverted representation of the 
PDPADIN signal. 

The exemplary embodiment illustrated by the input 
receiver 200 and the timing diagram of FIG. 3 shoWs 
hysteresis on the HREF signal of approximately 100 mV 
relative to its nominal value of 273 VTT. 100 mV of hysteresis 
provides suf?cient input noise margin for many applications, 
Without incurring the aforementioned disadvantageous 
effects associated With present day hysteresis devices such 
as Schmidt Trigger devices. The PDPADIN signal is shoWn 
as a periodic signal for purposes of illustration, but can 
instead be any type of signal including binary or digital logic 
signals. Although the PDPADIN signal is shoWn as a rela 
tively clean signal, a noise signal of up to several tens of mV 
may be added to PDPADIN Without disturbing proper 
sWitching operation. In particular, the hysteresis on the 
HREF signal enables proper sWitching of the differential 
sense ampli?er U1 While preventing false triggering or 
oscillations of the GRASS signal. The amount of hysteresis 
is adjusted by modifying the siZes of N1 and P4 relative to 
the P-channel stack devices P1—P3 as appreciated by those 
skilled in the art. 

The P-channel devices P1—P3 are con?gured as relatively 
precise and equal resistive devices equally dividing the 
voltage level of VT to achieve the 2/3 VTT voltage level 
used as the threshold voltage level for purposes of compari 
son and sWitching. The differential sense ampli?er U1 
receives poWer directly or indirectly from the VTT signal 
and sWitches the GRASS signal Within the VTT to GND 
voltage range. Thus, When P4 is on and N1 is off, P4 is 
effectively placed in parallel With P1 reducing the total 
resistance betWeen VTT and the node 203 thereby increasing 
the voltage level of HREF to the upper threshold level 
HREF+. Also, When P4 is off and N1 is on, N1 is effectively 
placed in parallel With P2 and P3 reducing the total resis 
tance betWeen GND and the node 203 thereby decreasing 
the voltage level of HREF to the loWer threshold level 
HREF—. Alternative con?gurations are contemplated, such 
as con?guring the voltage divider 201 With resistors or other 
resistive type devices. In addition or in the alternative, the 
devices N1 and P4 may be replaced With resistive type 
devices and sWitching circuitry responsive to the GRASS 
signal for adjusting the HREF signal betWeen the threshold 
voltage levels HREF+ and HREF—. 

FIG. 4 is a ?oWchart diagram illustrating a method of 
con?guring a differential input receiver With hysteresis 
according to an exemplary embodiment of the present 
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8 
invention. At a ?rst block 401, a reference node is provided 
With a nominal threshold voltage level. In the embodiment 
illustrated, this is achieved by stacking P-channel devices 
With an intermediate node betWeen a bus source voltage 

(VTT and GND). At next block 403, the voltage of the 
reference node is compared With the voltage of an input 
signal using a differential sense ampli?er, Which sWitches 
betWeen a higher voltage level and a loWer voltage level. In 
one embodiment, the differential sense ampli?er sWitches to 
the higher voltage level When the voltage of the input signal 
falls beloW a loWer threshold voltage and sWitches to the 
loWer voltage level When the voltage of the input signal rises 
above an upper threshold voltage. Also, the differential sense 
ampli?er receives the bus voltage VT and sWitches Within 
the VTT voltage range. 
At next block 405, the voltage of the reference node is 

increased to the upper threshold voltage When the differen 
tial sense ampli?er is sWitched to the higher voltage level. In 
the embodiment illustrated, this is achieved by activating a 
second P-channel device coupled to a stack of ?rst P-chan 
nel devices. And at next block 407, the voltage of the 
reference node is decreased to the loWer threshold voltage 
When the differential sense ampli?er is sWitched to the loWer 
voltage level. In the embodiment illustrated, this is achieved 
by activating an N-channel device coupled to the stack of 
?rst P-channel devices. 

Adifferential receiver implemented according to embodi 
ments of the present invention provides several bene?ts and 
advantages over conventional receivers. The present inven 
tion enables a designer to provide a differential receiver in 
an IC or chip that exhibits a signi?cant increase in noise 
margin over that Which has heretofore been provided. The 
differential input receiver 200, for example, may be imple 
mented on an IC receiving the VTT bus source voltage from 
an external source. In the embodiment illustrated, the HREF 
signal is developed internally based on the VTT signal. The 
PDPADIN signal may be provided from an external source 
or from an internal source. The hysteresis of the HREF 
signal protects against a noisy PDPADIN signal. The 
amount of hysteresis may be increased by adjusting the 
relative siZes of the stack devices as described herein. The 
present invention provides a signi?cant advantage for dif 
ferential input receivers operative at loWer voltage levels, 
such as according to the more recent bus speci?cations 
Which contemplate a 1.25V bus having a 0.83V threshold. 

Although the present invention has been described in 
considerable detail With reference to certain preferred ver 
sions thereof, other versions and variations are possible and 
contemplated. For example, the voltage divider 201 may 
alternatively be implemented using resistors or other resis 
tive devices, Which may or may not be precision devices or 
components. Also, the devices P4 and N1 may be replaced 
With resistive devices and electronic sWitches or the like. 

In addition, although the present invention has been 
characteriZed in terms of AGTL bus speci?cations and input 
levels, the present inventors note that the scope of the 
present invention extends beyond AGTL to any application 
requiring input threshold noise immunity. 

Finally, those skilled in the art should appreciate that they 
can readily use the disclosed conception and speci?c 
embodiments as a basis for designing or modifying other 
structures for providing out the same purposes of the present 
invention Without departing from the spirit and scope of the 
invention as de?ned by the appended claims. 
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What is claimed is: 
1. An input receiver With hysteresis, comprising: 
a differential sense ampli?er having a ?rst input that 

receives an input signal, a second input coupled to a 
reference node, and an output that provides a ?rst 
output signal having ?rst and second states indicative 
of said input signal; 

a reference circuit providing said reference node devel 
oping a reference signal at a nominal threshold voltage 
level, Wherein said reference circuit comprises a volt 
age divider having a ?rst intermediate node as said 
reference node that divides a poWer voltage signal to 
develop said reference signal; and 

a stack device, coupled to said output of said differential 
sense ampli?er and to said reference node, that adjusts 
said reference signal betWeen upper and loWer thresh 
old levels in an opposite direction of said input signal 
based on said ?rst output signal, Wherein said stack 
device comprises: 
a P-channel device having a source coupled to said 

output of said differential sense ampli?er, and having 
a gate and a drain coupled to said reference node; and 

an N-channel device having a source coupled to said 
output of said differential sense ampli?er, a drain 
coupled to said reference node, and a gate coupled to 
said voltage divider. 

2. The input receiver of claim 1, Wherein said voltage 
divider comprises a plurality of P-channel devices coupled 
in series betWeen said poWer voltage signal and ground. 

3. The receiver of claim 2, Wherein each P-channel device 
has a bulk and a source coupled together and also has a gate 
and a drain coupled together. 

4. The receiver of claim 1, Wherein said ?rst intermediate 
node provides said reference signal at a nominal level of 
approximately tWo-thirds of said poWer voltage signal. 

5. The receiver of claim 1, Wherein said voltage divider 
includes a second intermediate node coupled to said gate of 
said N-channel device. 

6. The receiver of claim 5, Wherein said ?rst intermediate 
node has a nominal voltage level of approximately tWo 
thirds of said poWer voltage signal, and Wherein said second 
intermediate node has a nominal voltage level of approxi 
mately one-third of said poWer voltage signal. 

7. The receiver of claim 1, further comprising: 
said input signal provided to an inverting input of said 

differential sense ampli?er, Wherein said ?rst output 
signal sWitches in an opposite direction as said input 
signal; and 

an inverter having an input coupled to said output of said 
differential sense ampli?er and an output providing a 
second output signal indicative of said input signal. 

8. An integrated circuit (IC), comprising: 
a poWer pin and a ground pin that collectively receive a 

bus voltage; 
a differential ampli?er poWered by said bus voltage and 

having an inverting input receiving an input signal, a 
non-inverting input receiving a reference signal, and an 
output providing a digital signal With ?rst and second 
states indicative of said input signal; 

a reference circuit coupled betWeen said poWer and 
ground pins and providing said reference signal at a 
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nominal threshold voltage level, Wherein said reference 
circuit comprises a resistive voltage divider having a 
?rst intermediate node providing said reference signal; 
and 

a sWitch circuit, coupled to said output of said differential 
ampli?er, that adjusts said reference signal to upper and 
loWer threshold voltage levels above and beloW said 
nominal threshold voltage level based on said digital 
signal, Wherein said sWitch circuit comprises: 
a ?rst P-channel device having a gate and drain coupled 

to said ?rst intermediate node and a source coupled 
to said output of said differential ampli?er; and 

an N-channel device having a drain coupled to said ?rst 
intermediate node, a gate coupled to a second inter 
mediate node of said voltage divider, and a source 
coupled to said output of said differential ampli?er. 

9. The IC of claim 8, Wherein said resistive voltage 
divider comprises a plurality of P-channel devices stacked 
betWeen said poWer and ground pins. 

10. The IC of claim 9, Wherein each of said plurality of 
stacked P-channel devices includes a bulk and source 
coupled together and a gate and drain coupled together. 

11. The IC of claim 8, Wherein said ?rst intermediate node 
has a nominal voltage level of approximately tWo-thirds of 
said bus voltage and Wherein said second intermediate node 
has a nominal voltage level of approximately one-third of 
said bus voltage. 

12. A method of con?guring an input receiver With 
hysteresis, comprising: 

providing a reference node With a nominal threshold 
voltage level, Wherein said providing a reference node 
comprises stacking a plurality of ?rst P-channel devices 
With an intermediate node betWeen source voltage 

terminals; 
comparing the voltage of the reference node With the 

voltage of an input signal using a differential sense 
ampli?er, Which sWitches betWeen a higher voltage 
level and a loWer voltage level; 

increasing the voltage of the reference node to an upper 
threshold voltage When the differential sense ampli?er 
is sWitched to the higher voltage levels Wherein said 
increasing comprises activating a second P-channel 
device coupled to said plurality of ?rst P-channel 
devices; and 

decreasing the voltage of the reference node to a loWer 
threshold voltage When the differential sense ampli?er 
is sWitched to the loWer voltage level. 

13. The method of claim 12, Wherein said decreasing 
comprises activating an N-channel device coupled to said 
plurality of ?rst P-channel devices. 

14. The method of claim 12, Wherein said comparing 
comprises sWitching the differential sense ampli?er to the 
higher voltage level When the voltage of the input signal falls 
beloW the loWer threshold voltage and sWitching the differ 
ential sense ampli?er to the loWer voltage level When the 
voltage of the input signal rises above the upper threshold 
voltage. 


